Transepithelial potential difference (PD) and net water flux were estimated simultaneously in the posterior part of the intestine isolated from Japanese eels with special reference to the role of cortisol in the sea-water adaptation of the intestine. When cortisol was previously injected into freshwater eels, the serosa negativity of the PD, water flux and osmotic permeability (Po) increased at 24 hr after the injection and attained the levels of sea-water eels. Cortisol injection into sea-water eels further increased the Po. When cortisol was added to the serosal fluid of the isolated intestine from sea-water eels, the water flux and tissue water content increased after 7 hr. With the intestine from hypophysectomized fresh-water eels, similar treatment with cortisol enhanced the water flux, tissue water content and serosa negativity of the PD, whereas no such in vitro effects of cortisol was observed in intact fresh-water eels. These results indicate that cortisol acts directly on the intestinal epithelium and increases the serosa negativity of the PD and water permeability. Absence of in vitro effect of cortisol in the fresh-water eel seems to be due to antagonistic effect of prolactin.
It has been shown by several investigators that intestinal transport of salt and water is augmented during sea-water adaptation of the eel (Oide, 1967; Oide and Utida, 1967; Utida et al., 1967 Utida et al., , 1972 Skadhauge and Maetz, 1967; Skadhauge, 1969) . Our previous study has demonstrated that the PD across the intestinal membrane increased markedly in serosa negativity to the mucosa during sea-water adaptation. The intestinal water with the serosa negative PD; the more negative the PD, the greater the water flux (Ando, 1974) . The increased serosa negative potential, which is ascribable to the development of Cl pump, is also observed in fresh-water eels when cortisol was injected intraperitoneally . The enhancement of water transport in sea-water eels is no longer observed after hypophysectomy (Hirano, 1967; Hirano et al., 1967) , and an injection of ACTH or cortisol into fresh-water eels produces a significant increase in intestinal salt and water transport (Hirano and Utida, 1968, 1971; Utida et al., 1972) .
In the present study, in order to elucidate the mechanism of cortisol action on the water urements of the PD and water flux were made in the intestine isolated from the cortisol injected eels and the intact or hypophysectomized fresh-water eels in the cortisol containing serosal medium. experiments, cortisol hemisuccinate (Solu-Cortef , Upjohn) was added to serosal fluid of the intestine isolated from winter eels (February to April). In this latter case, some of the fresh-water eels were hypophysectomized by the method described by Hirano et al . (1967) . They were kept for 7 days in fresh water.
Results

In vivo effects of cortisol
When fresh-water eels were injected with cortisol, the PD across the intestine increased in the serosa negativity, and the water flux from mucosa to serosa also increased signithose observed in sea-water eels. When seawater eels were injected with cortisol, the PD and water flux across the intestine tended to increase although the changes were not significant ( Table 1) .
As shown in Figure 1 , a linear relationship was observed between water flux and osmotic gradient, and osmotic permeability (Po) was calculated from these slopes. The Po so obtained for cortisol-treated fresh-water eels 
Discussion
The role of the pituitary-interrenal axis in teleost osmoregulation has recently been investigated intensively by many investigators (Maetz, 1969 (Maetz, , 1970 (Maetz, , 1971 Utida et al., 1972 Utida et al., , 1973 Utida and Hirano, 1973) . There is a considerable body of evidence that cortisol performs a mineralocorticoid function in the eel in sea water, promoting extrarenal sodium excretion and salt and water absorption in the gut (Hirano, 1967; Hirano and Utida, 1968) . It has been observed in sea-water eel intestine that the greater the serosa negative PD, the greater the water flux across the intestine (Ando, 1974) . Cortisol treatment of the fresh-water eel caused a significant increase in the serosa negative PD across the intestine (Utida et al., 1972; Ando et al., 1974 After addition of cortisol (1ƒÊg/ml), the water of cortisol (1mg/ml) apparently increased the water flux without modifying the PD. It is evident that cortisol acts directly on the intestine of the sea-water eel so as to maintain the high level of water flux or to increase the water flux if its concentration is high. The PD and water flux of the intestine from hypophysectomized fresh-water eels were similar to those of the intestine from fresh-water eels. The PD remained constant and the water flux tended to decrease during incubation for 7hr in normal Ringer solution. After addition of cortisol, however, the PD increased in serosa negativity and the water flux maintained the initial level. This is in contrast to the intestine from intact fresh-water eels, where cortisol had no effect on both the PD and water flux. This discrepancy seems to suggest that the pituitary of the fresh-water eel secretes hormone(s) which acts antagonistically with cortisol. In the urinary bladder of sea-water teleost, Gillichthys mirabilis, a high level of water flux is maintained in the presence of cortisol in the culture medium, and addition of prolactin to the medium reduced the water Bern, 1974) . It is also observed that prolactin injection into sea-water eel reduces the ion and water absorption across the intestine (Utida et al., 1972) . Therefore, prolactin seems to inhibit cortisol action in the freshwater eel intestine by reducing its water permeability. Augmentation of water space in epidermal layer of the frog skin and toad bladder has been observed when their water permeability is increased under influence of neurohypophysial hormones (House, 1974) . In the present experiment, the intestinal tissue water content was always increased when the water flux was augmented by addition of cortisol to serosal fresh-water eel intestine. The augmentation of tissue water content seems to be correlated with the enhancement of the Po which has been shown in vivo experiment. An increase in the diameter of the aqueous channels or the number of the channels is postulated as a mechanism of enhancement in water permeability (House, 1974) . The streaming potential indicates the existence of negatively charged channels filled with water, since the side from which water may have been driven across the intestinal membrane by the osmotic gradient was electrical negative to the opposite side. The existence of the negative charged water filled channels is also supposed in other epithelia such as fish and rabbit gall bladder and rat intestine (Diamond, 1962; Pidot and Diamond, 1964; Smyth and Wright, 1966) . The tight junction in Necturus gall bladder is permeable to cation (Fromter and Diamond, 1972) which suggests that the tight junction is charged negatively. It has also been demonstrated that the lateral intercellular space in rabbit gall bladder closes when the water transport was inhibited (Diamond and Tormey, 1966a, 1966b) . Since cortisol increased the tissue water content and the SP, the tight junction and lateral intercellular space which are closely connected each other may be one of the effective sites of cortisol action.
